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NON-VOLATILE MEMORY DEVICE AND
METHOD OF MANUFACTURING THE SAME

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application 1s based upon and claims the benefit of
priority from Japanese Patent Application No. 2012-011354,
filed on Jan. 23, 2012: the entire contents of which are incor-
porated herein by reference.

FIELD

Embodiments described herein relate generally to a non-
volatile memory device and a method of manufacturing the
same.

BACKGROUND

Recently, a resistive random access memory (ReRAM) of
storing resistance value information, that 1s, a high resistance
state and a low resistance state, of an electrically-rewritable
variable resistive element in a non-volatile manner has
attracted attention as a non-volatile memory device. In a
well-known structure of such an ReRAM, for example, a
plurality of memory cell arrays formed by arranging variable
resistance memory cells where variable resistive elements as
memory elements and rectifying elements such as diodes are
connected 1n series 1 an array shape at intersections of a
plurality of word lines extending parallel to a first direction
and a plurality of bit lines extending parallel to a second
direction perpendicular to the first direction are stacked, and
the word lines or the bit lines are shared by the memory cell
arrays adjacent to each other in the stack direction.

Such a non-volatile memory device 1s manufactured as
tollows. A first wiring material layer which 1s to be a word line
and a first memory cell layer including a variable resistive
layer which 1s to be a variable resistive element and a diode
layer which 1s to be a rectitying element are stacked on an
interlayer insulating film. Next, the first wiring material layer
and the first memory cell layer are etched through a lithogra-
phy technique and a reactive 1on etching technique (herein-
after, referred to as an RIE method) to form a line-and-space
pattern extending in the first direction, and the interlayer
insulating film 1s embedded between the patterns. Accord-
ingly, the first wiring material layer becomes the word line.
Next, a second wiring material layer which 1s to be a bit line
and a second memory cell layer including a variable resistive
layer and a diode layer are stacked on the interlayer insulating
film. Next, the second memory cell layer, the second wiring
material layer, the first memory cell layer, and the interlayer
insulating film are etched through the lithography technique
and the RIE method to form a line-and-space pattern extend-
ing in the second direction, and the interlayer insulating film
1s embedded between the patterns. Accordingly, the second
wiring material layer becomes the bit line, so that a first-layer
memory cell array where memory cells having a columnar
structure are arrayed 1n a matrix shape at the cross-points of
the word lines and the bit lines 1s formed. Next, the same
process 1s repeated, so that a multi-layer memory cell array 1s
formed.

In the related art, when memory cell components of the two
layers are processed at one time, 1n a portion which 1s 1n
contact with the interlayer insulating film embedded between
the memory cell layers of the lower layer side, the interlayer
insulating film becomes an eave-shaped portion, so that resi-
dues of the memory cell components easily remain. There-
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2

fore, in the case where such residues are not removed, there 1s
a problem 1n that short-circuit occurs in the lower-layer
memory cell array due to the residues of the memory cell
components in the lower portion between the adjacent
memory cells.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a schematic perspective view 1llustrating a struc-
ture of a non-volatile memory device;

FIGS. 2A and 2B are schematic cross-sectional views 1llus-
trating a configuration of a variable resistance memory cell as
a non-volatile memory device;

FIGS. 3A to 21E are schematic cross-sectional views 1llus-
trating an example of a procedure of a method of manufac-
turing a non-volatile memory device according to a first
embodiment; and

FIG. 22 1s a schematic view 1llustrating a state of residues
occurring during an anisotropic etching.

DETAILED DESCRIPTION

According to an embodiment, there 1s provided a method
of manufacturing a non-volatile memory device where a plu-
rality of non-volatile memory cells which are disposed at
intersection positions of a plurality of first wirings extending
in a first direction and a plurality of second wirings extending
in a second direction perpendicular to the first direction so as
to be mterposed between the first and second wirings are
stacked 1n a height direction. First, on structures where a first
clectrode layer which 1s to be the first wirings and a {first
memory cell layer configuring the non-volatile memory cells
are sequentially stacked above a substrate and are patterned 1n
a line-and-space shape extending 1n the first direction, and on
an 1nterlayer insulating film which 1s embedded between the
structures, a second electrode layer which 1s to be the second
wirings 1s formed. Next, etching 1s performed on layers from
the second electrode layer to a predetermined position in an
inner portion of the first memory cell layer by using a mask
layer having a line-and-space pattern extending in the second
direction as a mask, so that a trench 1s formed 1n a line-and-
space shape extending 1n the second direction. Next, a modi-
tying film 1s formed on a side surface of the trench, and
anisotropic etching i1s performed on the remaining first
memory cell layer in the portion lower than the trench, where
the moditying film 1s formed on the side surface thereot, by
using the mask layer as a mask. After the amisotropic etching,
1sotropic etching is performed on the first memory cell layer.

Hereinaiter, a non-volatile memory device and a method of
manufacturing a non-volatile memory device according to the
embodiment will be described 1n detail with reference to the
attached drawings. The mnvention 1s not limited to the embodi-
ment. In addition, cross-sectional views of the non-volatile
memory device used 1n the embodiment described heremaftter
are schematic views, and thus, the relation between thickness
and width of a layer, magnification ratio of thickness of lay-
ers, and the like may be different from actual ones. In addi-
tion, 1n the description, a variable resistance memory 1s exem-
plified as a non-volatile memory device.

FIG. 1 1s a schematic perspective view 1llustrating a struc-
ture of a non-volatile memory device. In addition, 1n the
figures hereinatter, the extending direction of a word line WL
1s set as the X direction, the extending direction of a bit line
BL is setas the Y direction; and the direction perpendicular to
both of the X and Y directions 1s set as the 7Z direction. The
non-volatile memory device includes a memory cell array
MCA where a plurality of word lines WL extending 1n the X
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direction and a plurality of bit lines BL extending in the Y
direction at a height different from that of the word lines WL
are arrayed so as to intersect each other, and non-volatile
memory cells (heremafter, simply referred to as memory
cells) MC such as variable resistance memory cells are
arranged at the intersection positions. In the case of FIG. 1
where two layers of the memory cell arrays MCA are stacked
in the 7Z direction (height direction), the bit lines BL are
shared between the memory cells MC adjacent to each other
in the 7 direction. In addition, 1n the case where three or more
layers of the memory cell arrays MCA are stacked, the bit
lines BL or the word lines WL are shared between the
memory cells MC adjacent to each other 1n the Z direction. In
addition, interlayer insulating films (not illustrated) are
formed around the adjacent memory cells MC and between
the adjacent word lines WL and bit lines BL.

FIGS. 2A and 2B are schematic cross-sectional views 1llus-
trating a configuration of a variable resistance memory cell as
a non-volatile memory device; FIG. 2A 1s a cross-sectional
view taken along line A-A of FIG. 1; and FIG. 2B 1s a cross-
sectional view taken along line B-B of FIG. 1. As illustrated
in the figures, the memory cell MC has a structure where a
rectifying layer D and a variable resistive layer VR are con-
nected 1n series on a lower-layer wiring (the word line WL or
the bit line BL) as a memory cell layer. In addition, an upper-
layer wiring (the bit line BL or the word line WL ) 1s disposed
on the variable resistive layer VR through a capping film C.

The rectifying layer D 1s made of a material having a
rectification function such as a Schottky barrier diode, a PN-
junction diode, or a PIN diode. For example, herein, the
rectifying layer D 1s set so as to flow a current 1n the direction
from the bit line BL to the word line WL.

The vaniable resistive layer VR 1s configured with a vari-
able resistive element such as a metal oxide film or a carbon
f1lm which can be switched between high and low resistance
states under the control of a voltage value and an application
time, a phase transition memory element of which the resis-
tance value 1s changed according to a change in state between
a crystallized state and an amorphous state of a chalcogenide
compound, or the like. As an example of the variable resistive
clement, there 1s a metal oxide film containing at least one or
more of elements such as Si1, T1, Ta, Nb, Hf, Zr, W, Al, N1, Co,
Mn, Fe, Cu, Mo, or the like. In addition, barrier metal films
made of TiN, TaN, WN, or the like may be disposed above and
below the variable resistive layer VR.

The capping film C 1s a film made of a conductive material
which 1s introduced 1n terms of the process 1n order to connect
the memory cell MC to the word line WL or bit line BL 1n the
upper layer. Herein, a W film 1s used for the capping film C.

In addition, 1n the cross-section in the direction perpen-
dicular to the extending direction of the upper-layer wiring,
the rectifying layer D includes an area (hereinatter, referred to
as a wide width portion Db) of which the width 1s substan-
tially equal to that of the upper-laver wiring and an area
(hereinatter, referred to as a narrow width portion Da) of
which the width 1s smaller than that of the wide width portion
Db. The narrow width portion Da 1s disposed at the lower-
layer wiring side so that the height of the narrow width por-
tion Da 1s /3 or more of a height h of the rectifying layer D. In
addition, modilying films MO described later are disposed on
the two side surfaces 1n the extending direction of the lower-
layer wiring of the wide width portion Db. In general, the
moditying films MO are disposed on the two side surfaces
from the wide width portion Db of the rectifying layer D to the
upper-layer wiring (the word line WL or the bit line BL ) 1in the
extending direction of the lower-layer wiring. In addition, the
moditying films MO are formed on the two side surfaces in
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the extending direction of the upper-layer wiring from the
rectifying layer D to the capping film C of the memory cell
MC other than the memory cell MC 1n the lowermost layer.

In the non-volatile memory device having such a configu-
ration, a voltage applied to the word line WL and the bit line
BL 1s controlled so that a predetermined voltage 1s applied to
the intended memory cell MC. Therefore, the resistance state
of the varniable resistive layer VR configuring the memory cell
MC 1s changed. More specifically, a reset (erase) process 1s
performed to allow a current to tlow 1nto the variable resistive
layer VR 1n a low resistance state so as to return the variable
resistive layer to a high resistance state where the resistance 1s
increased by one or two digits due to Joule’s heating, or a set
(write) process 1s performed to apply a voltage to the variable
resistive layer VR 1n a high resistance state so as to return the
variable resistive layer to a low resistance state. In this man-
ner, the high resistance state/low resistance state 1s made by
the reset process and the set process, so that resistance value
information 1s stored. In addition, the difference of the current
flowing 1n the memory cell MC 1s detected, so that a function
as a memory 1s allowed to be performed. In addition, in the
cross section seen from the extending direction of the upper-
layer wiring, since the narrow width portion Da 1s disposed 1n
a portion of the rectitying layer D, an electric field applied to
the rectifying layer D 1s decreased. Therefore, an operation
current (control current) flowing 1n the memory cell MC can
be reduced.

FIGS. 3A to 21E are schematic cross-sectional views 1llus-
trating an example of a procedure of a method of manufac-
turing a non-volatile memory device according to a first
embodiment. With respect to these figures, FIGS. 3A to 21A
are perspective views; FIGS. 3B to 21B are cross-sectional
views of the word line WL along the word line WL as views
corresponding to the cross section A-A of FIG. 1; FIGS. 3Cto
21C are cross-sectional views of the portion where the word
line WL does not exist along the word line WL as views
corresponding to the cross section C-C of FIG. 1; FIGS. 3D to
21D are cross-sectional views of the bit line BL along the bat
line BL as views corresponding to the cross section B-B of
FI1G. 1; and FIGS. 3E to 21E are cross-sectional views of the
portion where the bit line BL does not exist along the bit line
BL as views corresponding to the cross section D-D of FIG. 1.

First, a peripheral circuit (not 1llustrated) including ele-
ments such as a cell-control transistor connected to the word
lines WL and bit lines BL of the memory cell MC and wiring
layers connected to the elements 1s formed on a semiconduc-
tor substrate (not illustrated), and an interlayer mnsulating film
IL.D1 1s formed on the peripheral circuit. Next, as 1llustrated
in FIGS. 3A to 3E, an electrode layer EL1, a rectifying layer
D1, a vanable resistive layer VR1, and a capping film C1
configuring the first-layer memory cell array are sequentially
stacked on the entire surface covering the interlayer insulat-
ing {1lm ILD1. In addition, for example, W can be used for the
clectrode layer ELL1 and the capping film C1; for example,
N10 can be used for the variable resistive layer VR ; and for
example, a polysilicon film having a PIN structure where
P-type polysilicon, I-type polysilicon, and N-type polysilicon
are stacked can be used for the rectifying layer D1. In addi-
tion, the same configuration can be used to form the memory
cell array described heremnafter. In this example, since the
current 1s allowed to flow from the bit line BL to the word line
WL, N-type polysilicon, I-type polysilicon, and P-type poly-
silicon are sequentially stacked on the electrode layer EL1.

Next, a hard mask layer HM1 made of densified TEOS
(D-TEOS) or the like 1s formed on the capping film C1. The
hard mask layer HM1 1s set to have such a thickness that the
previously-formed layers from the electrode layer EL1 to the
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capping film C1 can be etched through a dry etching method
such as an RIE method. In addition, resist RS1 1s coated on the
hard mask layer HM1, and patterning 1s performed through a
lithography technique so as to form a line-and-space pattern
extending in the X direction.

Next, as illustrated 1n FIGS. 4A to 4E, the hard mask layer
HM1 1s processed by using the resist RS1 as a mask through
anmisotropic etching such as an RIE method. In addition, as
illustrated in FIGS. 5A to SE, after the resist RS1 1s removed
through oxygen discharging, anisotropic etching such as an
RIE method 1s performed by using the hard mask layer HM1
as a mask until the bottom of the electrode layer EL1 1s cut
from the adjacent electrode layer EL1. Therefore, the elec-
trode layer 1 line WL1; and the recti-

EL1 becomes the word
tying layer D1, the vanable resistive layer VR1, and the
capping film C1 are formed 1n a pattern extending 1n the X
direction, similarly to the word line WL1.

Next, as 1llustrated 1n FIGS. 6 A to 6E, an interlayer insu-
lating film ILD2 such as a TEOS film 1s embedded in the
ctched area, and the surface 1s planarized while the interlayer
insulating film IL.D2 or the hard mask layer HM1 which 1s
tformed above the capping film C1 1s removed by using the
capping film C1 as a stopper through a CMP method.

Next, as 1llustrated 1n FIGS. 7A to 7E, an electrode layer
EL2, arectitying layer D2, a variable resistive layer VR2, and
a capping film C2 configuring a second-layer memory cell
array are sequentially stacked. In addition, herein, with
respect to the rectifying layer D2, P-type polysilicon, I-type
polysilicon, and N-type polysilicon are sequentially stacked
in the reverse order of the first-layer rectifying layer D1. This
1s because a current 1s allowed to flow from the bit line BL to
the word line WL.

In addition, a hard mask layer HM2 with such a thickness
that the layers from the capping film C2 to the rectifying layer
D1 can be etched 1s formed on the capping film C2. Next,
resist RS2 1s coated on the hard mask layer HM2, and a
pattern 1n which the line-and-space pattern of the lower layer
1s rotated 90 degrees in the in-plane direction, that is, the
line-and-space pattern extending 1n the Y direction 1s formed
through a lithography technique.

Next, as illustrated 1n FIGS. 8A to 8E, the hard mask layer
HM2 1s processed by using the resist RS2 as a mask through
anisotropic etching such as an RIE method. In addition, as
illustrated in FIGS. 9A to 9F, after the resist RS2 1s removed
through oxygen discharging, layers from the capping film C2
to a middle of the rectifying layer D1 1s etched by using the
hard mask layer HM2 as a mask through anisotropic etching,
such as an RIE method, so that a trench TR1 1s formed.
Herein, although the thickness of the rectifying layer D1 that
1s not etched but remains varies with an etching rate of the
rectifying layer D1 and the interlayer insulating film I1LD2,
generally, the thickness may be set to 53 or more of the height
(thickness) of the rectifying layer D1 from the bottom of the
rectitying layer D1. If the thickness of the remaining rectify-
ing layer D1 1s less than 14 of the height of the rectifying layer
D1, aresidue may remain 1n a portion which 1s in contact with
the interlayer insulating film ILD2 during the amisotropic
etching preformed up to now. In this step, 1 the residue of the
rectifying layer D1 exists, a portion of the residue of the
rectifying layer D1 1s also surface-modified during the sur-
face modilying process which 1s to be performed later. As a
result, since the residue of the rectifying layer D1 can not be
removed through isotropic etching, it 1s preferable that the
thickness of the remaining recti:
the height of the rectitying layer D1. In addition, 1n this case,
the remaining interlayer insulating film IL.D2 1s thicker than
the remaining rectifying layer D1.

ving layer D1 1s 3 or more of
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Therefore, the second-layer electrode layer EL2 becomes
the bit line BL1. In addition, the second-layer rectifying layer
D2, the variable resistive layer VR2, and the capping film C2
are formed 1n a pattern extending in the Y direction, similarly
to the bit line BL1 (second-layer electrode layer E12).

Next, as illustrated 1 FIGS. 10A to 10E, a surface-modi-
tying process 1s performed on the rectlfymg layer D1 1n the
trench TR1, a modifying film MO1 1s formed on the exposed
surface of the rectifying layer D1. As an example of the
surface-modifying process, an oxidation process or a nitrida-
tion process can be performed. For example, in the case where
oxidation 1s performed on the surface by using an ICP (Induc-
tive Coupling Plasma)-RIE apparatus, a processing gas
obtained by tlowing O, gas at a predetermined flow rate with
respect to Ar gas, He gas, or the like 1s introduced nto a
chamber of the RIE apparatus, and a radio frequency voltage
1s applied to only a source side to allow the processing gas to
be 1n a plasma state, so that the rectifying layer D1 1n the
trench TR1 1s oxidized. Therefore, the modifying film MO1
constructed with a silicon oxide film can be formed on the
surface. In addition, 1n the case where nitridation 1s performed
on the surface by using the ICP-RIE apparatus, a processing
gas obtained by flowing N, gas at a predetermined tlow rate
withrespectto Ar gas, He gas, or the like 1s introduced into the
chamber of the RIE apparatus, and a radio frequency voltage
1s applied to only the source side to allow the processing gas
to be 1n a plasma state, so that the rectifying layer D1 1n the
trench TR1 1s nitridized. Therefore, the modifying film MO1
constructed with a silicon nitride film can be formed on the
surface. In addition, 1n this case, the modifying film MO1 1s
also formed on the surfaces of the layers from the variable
resistive layer VR to the capping film C2 1n the area exposed
due to the formation of the trench TR1 as well as on the
rectifying layer D1. The moditying film MO1 1s used as a
mask when the lower portion of the rectifying layer D1 1s
ctched later through 1sotropic etching. In addition, in FIG.
10A, the modifying film MO1 1s not indicated (this is the
same 1n the figures described hereinafter).

Next, as illustrated 1n FIGS. 11A to 11E, the modifying
film MO1 formed on the bottom surface of the trench TR1 1s
removed through anisotropic etching such as an RIE method.
For example, 1n the case where the modifying film MO1 on
the bottom surface of the trench TR1 1s removed by using the
ICP-RIE apparatus, a processing gas obtained by flowing CF
gas at a predetermined tlow rate with respect to Ar gas, He
gas, or the like 1s introduced into the chamber of the RIE
apparatus; a radio frequency voltage 1s applied to the source
side to allow the processing gas to be in a plasma state; and a
predetermined radio frequency voltage 1s also applied to a
holder side which holds a to-be-processed object, so that the
processing gas 1n the plasma state 1s accelerated toward the
bottom surface of the trench TR1. Therefore, the modifying
film MO1 on the bottom of the trench TR1 1s removed. In
addition, the process for removing the modifying film MO1

can be performed by using an apparatus such as an apparatus
for forming the modifying film MO1 1n FIGS. 10A to 10E.

Next, as 1illustrated 1n FIGS. 12A to 12E, the rectifying

layer D1 remaining in a portion lower than the trench TR1 1s
ctched by using the hard mask layer HM1 as a mask through
anisotropic etching such as an RIE method. At this time, the
etching 1s performed until the surface of the lower-layer word
line WL1 1s exposed.

However, when the rectifying layer D1 is etched in the
thickness direction, there 1s a possibility that a residue occurs
near the lower portion of the interlayer insulating film 1L.1D2
adjacent to the rectitying layer D1. FIG. 22 1s a schematic
view 1llustrating a state of residues occurring during an aniso-
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tropic etching. In the case where the etching rate of the rec-
tifying layer D1 1s larger than that of the interlayer insulating
f1lm IL.D2, the surface of the mterlayer insulating film I1LD2
becomes higher than the surface of the rectifying layer D1 due
to the etching. In addition, generally, the cross section of the
pattern formed 1n FIGS. 5A to 5E has a forward tapered
shape, and the cross section of the interlayer msulating film
IL.D2 embedded between the patterns 1n FIGS. 6 A to 6E has
a mverse tapered shape. Therefore, when a portion near the
boundary of the rectifying layer D1 with respect to the word
line WL1 1s etched, the interlayer insulating film ILD2
becomes an eave-shaped portion, so that the rectifying layer
D1 1s difficult to be etched, and thus, a residue RD may
remain. The residue RD causes short-circuit between the
adjacent memory cells MC.

Therelore, a process for removing the residue RD 1s, sub-
sequently performed. In other words, as 1llustrated i FIGS.
13 A to 13E, the residue RD remaining near the lower portion
of the interlayer msulating film ILD2 adjacent to the rectify-
ing layer D1 1s removed through 1sotropic etching. For
example, 1n the case where the residue RD remaining 1n the
lower portion of the interlayer insulating film IL.D2 adjacent
to the rectifying layer D1 1s removed through 1sotropic etch-
ing by using an ICP-RIE apparatus, a processing gas contain-
ing HBr gas or Cl, gas 1s introduced into a chamber of the RIE
apparatus, and a radio frequency voltage 1s applied to a source
side to allow the processing gas to be 1n a plasma state. Next,
1sotropic etching 1s performed in the trench TR1 by using the
processing gas in the plasma state. At this time, since the
moditying film MO1 is formed on the surface from a portion
of the rectifying layer D1 to the capping film C2, the surface
1s not etched; but the residue RD remaining in the lower
portion of the rectitying layer D1 where the moditying film
MO1 1s not formed and the residue RD remaining 1n the lower
portion of the interlayer isulating film IL.ID2 adjacent to the
rectifying layer D1 are etched. The etching process time 1s
considered to be a period of time for removing the residue
RD. As a result, the lower portion of the rectifying layer D1
becomes a narrow width portion D1a of which the width in
the extending direction of the lower-layer wiring 1s smaller
than that of the area where the modifying film MO1 1s formed,
and the area where the moditying film MO1 of the rectifying

layer D1 1s formed becomes a wide width portion D156 of

which the width 1s substantially equal to that of the upper-
layer wiring (bit line BLL1). The 1sotropic etching process
during the removing of the residue RD can be performed by
using an apparatus such as an apparatus for forming the

modifying film MO1 1n FIGS. 10A to 10E and an apparatus
for removmg the modifying film MO1 on the bottom of the

trench TR1 in FIGS. 11A to 11E.

In addition, as illustrated 1in FIGS. 13A to 13E, in the
removing of the residue RD, the entire interlayer insulating,
film IL.D2 1n the trench TR1 needs not to be removed, but the
cetching process necessary for forming the lower-layer
memory cell MC may be completed 1in such a state where the
interlayer msulating film ILD2 has some degree of height. As
a result, in comparison with the case where the etching is
performed so that the interlayer insulating film IL.D2 1s sul-
ficiently fallen down, the thickness of the hard mask layer
HM2 can be suppressed.

Theretfore, the memory cell MC configured with a stacked

film of the capping film C1 and the variable resistive layer
VR1 which are defined by the width of the word line WL1 and

the width of the bit line BLL1 and the rectifying layer D1 of

which a portion of the cross section 1n the direction perpen-
dicular to the extending direction of the bit line BLL1 1s nar-
rower than the bit line BL1, 1s arranged at each intersection
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position of the word line WL 1 and the bit line BL1, so that the
first-layver memory cell array 1s formed.

Next, as illustrated in FIGS. 14A to 14E, an interlayer
insulating film ILD3 such as a TEOS film 1s embedded 1n the
ctched area, and the surface 1s planarized while the interlayer
insulating {ilm IL.D3 or the hard mask layer HM2 which 1s
formed above the capping film C2 1s removed by using the
capping film C2 as a stopper through a CMP method.

Next, the processes illustrated 1n FIGS. 7A to 14E are
repetitively performed until a desired number of layers of the
memory cell arrays are stacked. However, the line-and-space
patterns are configured so that the extending directions of the
line-and-space patterns formed on the electrode layers
become the X direction, the Y direction, the X
direction, . . ..

Next, as 1llustrated 1n FIGS. 15A to 15E, an electrode layer
EL3 which 1s to be the uppermost-layer wiring 1s formed.
Herein, subsequently to FIGS. 14A to 14E, the electrode layer
EL3 1s formed so as to be 1in contact with the capping film C2.
In addition, a hard mask layer HM3 with such a thickness that
can etch from the electrode layer EL3 to the second-layer
rectifying layer D2 1s formed on the electrode layer EL3.
Next, resist RS3 1s coated on the hard mask layer HM3, and a
pattern 1n which the line-and-space pattern of the lower layer
1s rotated 90 degrees 1n-plane direction, that 1s, the line-and-
space pattern extending 1n the X direction 1s formed through
a lithography technique.

Next, as 1llustrated 1n FIGS. 16A to 16E, the hard mask
layer HM3 1s processed by using the resist RS3 as a mask
through anisotropic etching such as an RIE method. In addi-
tion, etching 1s performed from the electrode layer EL3 to a
middle of the rectitying layer D2 by using the hard mask layer
HM3 as a mask through anisotropic etching such as an RIE
method, so that a trench TR2 1s formed. Herein, the thickness
of the rectilying layer D2 that 1s not etched but remains may
be set to 14 or more of the height (thickness) of the rectifying
layer D2. In addition, 1n this case, the remaining interlayer
isulating film ILD3 1s thicker than the rectifying layer D2.

Accordingly, the third-layer electrode layer ELL3 becomes the
word line WL2.

Next, as 1llustrated 1n FIGS. 17A to 17E, a surface-modi-
tying process 1s performed on the rectifying layer D2 1n the
trench TR2, so that a modifying film MO2 1s formed on the
exposed surface of the rectifying layer D2. Similarly to the
case of FIGS. 10A to 10E, as an example of the surface-
modilying process, an oxidation process or a nitridation pro-
cess can be performed. In addition, the moditying film MO2
1s also formed on the surfaces of the layers from the variable
resistive layer VR2 to the word line WL2 1n the area exposed
due to the formation of the trench TR2 as well as on the
rectifying layer D2. The moditying film MO2 1s used as a
mask when the lower portion of the rectifying layer D2 1s
etched through 1sotropic etching later on.

Next, as 1llustrated 1n FIGS. 18A to 18E, the modifying
film MO2 formed on the bottom surface of the trench TR2 1s
removed through anisotropic etching such as an RIE method.
Next, as 1llustrated 1n FIGS. 19A to 19E, the remaining rec-
tifying layer D2 1s etched by using the hard mask layer HM3
as a mask through anisotropic etching such as an RIE method.
At this time, the etching 1s performed until the surface of the
lower-layer bit line BL1 1s exposed. However, in this case,
similarly to the case of FIGS. 12A to 12F and FIG. 22, when
the rectifying layer D2 1s etched in the thickness direction,
since there 1s a possibility that a residue RD occurs near the
lower portion of the interlayer insulating film ILD3 adjacent
to the rectitying layer D2, a process for removing the residue
RD 1s subsequently performed.
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Next, as 1llustrated in FIGS. 20A to 20F, the residue RD
remaining near the lower portion of the interlayer imnsulating
film ILD3 adjacent to the rectitying layer D2 1s removed
through 1sotropic etching. Herein, similarly to the case of
FIGS. 13A to 13E, in the case where the residue RD remain-
ing 1n the lower portion of the interlayer msulating film ILD3
adjacent to the rectifying layer D2 1s removed through isotro-
pic etching by using an ICP-RIE apparatus, a processing gas
containing HBr gas or Cl, gas 1s introduced 1nto a chamber of
the RIE apparatus, and a radio frequency voltage 1s applied to
a source side to allow the processing gas to be in a plasma
state, so that the etching can be performed. Therelore, the area
where the moditying film MO2 1s formed on the surface from
the rectifying layer D2 to the word line WL2 1s not etched, but
the residue RD remaining in the lower portion of the rectify-
ing layer D2 where the modlfymg film MO2 1s not formed and
the residue RD remaining in the lower portion of the inter-
layer insulating film IL.LD3 adjacent to the rectifying layer D2
are etched. As aresult, the lower portion of the rectifying layer
D2 becomes a narrow width portion D2a of which the width
in the extending direction (Y direction) of the lower-layer
wiring 1s smaller than that of the area where the modifying,
film MO2 1s formed; and the area where the modifying film
MO?2 of the rectifying layer D2 1s formed becomes a wide
width portion D2b.

Therelore, the memory cell MC configured with a stacked

film of the capping film C2 and the variable resistive layer
VR2 which are defined by the width of the word line WL2 and

the width of the bit line BL1 and the rectifying layer D2 of
which a portion of the cross section 1n the direction perpen-
dicular to the extending direction of the word line WL2 1s
narrower than the word line WL2, 1s arranged at each inter-
section position of the word line WL2 and the bit line BL1, so
that the second-layer memory cell array 1s formed.

In addition, as illustrated 1in FIGS. 20A to 20E, in the
removing of the residue RD, the entire interlayer insulating,
film IL.D3 1n the trench TR2 needs not to be removed, but the
etching process necessary for forming the lower-layer
memory cell MC may be completed in such a state where the
interlayer msulating film ILD3 has some degree of height. As
a result, in comparison with the case where the etching 1s
performed so that the interlayer insulating film IL.D3 1s sul-
ficiently fallen down, the thickness of the hard mask layer
HM3 can be suppressed.

In addition, as illustrated 1n FIGS. 21A to 21E, an inter-
layer msulating film IL.LD4 such as a TEOS film 1s embedded
in the etched area, and the surface 1s planarized while the
interlayer insulating film IL.1D4 or the hard mask layer HM3
which 1s formed above the word line WL2 1s removed by
using the word line WL2 as a stopper through a CMP method.
Accordingly, a non-volatile memory device 1s manufactured.

In addition, an apparatus such as an RIE apparatus for
etching layers configuring a memory cell array and etching
hard masks disposed above the layers can be used for an
apparatus for forming the modifying film MO1 1n FIGS. 10A
to 10E, an apparatus for removing the modifying film MO1
on the bottom of the trench TR1 in FIGS. 11A to 11E, an
apparatus for performing 1sotropic etching during the remov-
ing of the residue RD 1n FIGS. 13 A to 13E, an apparatus for
forming the moditying film MO2 1n FIGS. 17A to 17E, an
apparatus for removing the modifying film MO2 on the bot-
tom of the trench TR2 1n FIGS. 18A to 18E, and an apparatus
for performing 1sotropic etching during the removing of the
residue RD 1 FIGS. 20A to 20E.

As described hereinbefore, 1n the embodiment, the layer
having the electrode layer EL2, the rectifying layer D2, and
the variable resistive layer VR2 which are to be the second-
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layer memory cell MC 1s stacked on the layer having the
rectifying layer D1 and the variable resistive layer VR1 which
are to be the first-layer memory cell MC processed 1n a
line-and-space shape so as to extend in the first direction, and
aiter that, the trench TR1 1s formed 1n a line-and-space shape

extending 1n the second direction perpendicular to the first
direction from the variable resistive layer VR2 to a middle of
the rectifying layer D1 so that %3 or more of the height of the
rectifying layer D1 remains. Next, the modifying film MO1 1s
formed on the side wall of the trench TR1; the remaining
rectifying layer D1 1s etched; and after that, 1sotropic etching
1s performed. Therefore, the residue RD remaining in the
lower portion of the interlayer insulating film ILD2 adjacent
to the rectifying layer D1 can be removed while the interlayer
insulating film ILD2 1s not fallen down, for example, down to
the surtace of the lower-layer wiring of the first-layer memory
cell MC. As aresult, 1t 1s possible to obtain an effect 1n that the
{1lm thickness of a mask film necessary for the processing can
be reduced. In addition, like an extracting portion, even in the
areca where the lower layer 1s only the interlayer msulating
f1lm, useless falling of the interlayer insulating film 1s unnec-
essary, so that 1t 1s possible to obtain an effect 1n that pattern
collapse easily occurring in this area can be suppressed.

In addition, the narrow width portion Da 1s formed 1n the
lower portion of the rectitying layer D of the memory cell MC
formed 1n this manner. Herein, in the memory cell MC having
a structure where the rectifying layer D and the vanable
resistive layer VR are sequentially stacked between the lower-
layer and upper-layer wirings, the electric field 1s particularly
concentrated on the area near the wirings in the rectifying
layer D, and the width of the rectifying layer D 1n this area
becomes locally small, so that the electric field applied to the
rectifying layer D 1s effectively alleviated. As a result, 1t 1s
possible to obtain an effect 1n that the operation current can be
decreased. In addition, 1n the embodiment, although the struc-
ture where the moditying film MO 1s formed at two side
surfaces from the wide width portion Db in the upper portion
of therectifying layer D 1n the memory cell MC to the capping
film C 1s described, the moditying film MO may be removed
during a cleansing process which 1s generally performed after
the memory cell MC 1s etched 1n a columnar shape.

While certain embodiments have been described, these
embodiments have been presented by way of example only,
and are not intended to limit the scope of the inventions.
Indeed, the novel embodiments described herein may be
embodied 1n a variety of other forms; furthermore, various
omissions, substitutions and changes i1n the form of the
embodiments described herein may be made without depart-
ing from the spirit of the mmventions. The accompanying
claims and their equivalents are intended to cover such forms
or modifications as would fall within the scope and spirit of
the mventions.

What 1s claimed 1s:

1. A non-volatile memory device comprising:

a first wiring extending 1n a first direction;

a second wiring extending in a second direction perpen-

dicular to the first direction; and

a non-volatile memory cell which 1s disposed at an inter-

section position of the first wiring and the second wiring
so as to be mterposed between the first and second wir-
ings and 1s configured so that a rectifying layer and a
variable resistive layer are sequentially stacked above
the first wiring, wherein

the rectifying layer includes a first area having a width

which 1s substantially equal to a width of the second
wiring, and a second area which 1s formed on the first
wiring side to have a width smaller than the width of the
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first area and to have a thickness which 1s 4 or more of
a height of the rectitying layer, at a cross section perpen-
dicular to the second direction.

2. The non-volatile memory device according to claim 1,

turther comprising a modifying {ilm on two side surfaces in 5

t

ne first direction from the first area of the rectifying layer to

t

e second wiring.
3. The non-volatile memory device according to claim 2,

wherein the modifying film 1s disposed on two side surfaces
in the second direction from the rectifying layer to the vari- 10
able resistive layer.

4. The non-volatile memory device according to claim 2,

wherein the moditying film 1s an oxide film or a nitride film.

5. The non-volatile memory device according to claim 1,

wherein the variable resistive layer 1s a metal oxide film 15
containing at least one or more element selected from a group
consisting of S1, T1, Ta, Nb, Hi, Zr, W, Al, N1, Co, Mn, Fe, Cu,
and Mo, a carbon film, or a chalcogenide compound film.

G e x Gx ex
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